and sex distribution. Perhaps, adults are better than immature at avoiding entangling in fish nets (cf. Oldén et al. 1986 , Strann et al. 1991 , Murray et al. 1994 , Österblom et al. 2002 ?
The Common Guillemot shows geographical clines in several morphological characters (Storer 1952 ) and this might be used to deduce the origin of collected birds. From south to north the proportion of bridling, the colour darkness of upperwing, head and back, the degree of streaking on the flanks, and the wing length all increase in the Northeast Atlantic (Salomonsen 1944 , Jones 1988 , Camphuysen 2007 , Barrett et al. 2008 . These latitudinal phenotypic clines are continuous, without sharp boundaries between putative subspecies or colonies. However, a prerequisite for assigning individual Common Guillemot to subpopulations or morphs is that reliable comparative reference data from breeders in different geographical areas are availableincluding that of the Baltic Sea.
We therefore report extensive biometric data from freshly dead Common Guillemots drowned in salmon gill nets in the Baltic Sea. We give particular attention to comparing Baltic Common Guillemots with the North Atlantic population, and to the age distribution in relation to mortality, moult pattern and fat status. Such biometric data on bycaught Common Guillemot from the Baltic have not been published before, but are clearly needed.
METHODS
The Common Guillemot is a mainly piscivorous (pursuit diving) seabird species, found in northern continental shelf water environments (Brown 1985 , Nettleship 1996 . In the North Atlantic and adjacent waters, the Common Guillemot breeds from Labrador in the west, to Novaya Zemlya in the northeast, and Iberia in the southeast (Nettleship & Evans 1985) . This population is estimated at 2.9 million pairs (Harris & Wanless 2004) , with a small fraction breeding in the brackish Baltic Sea.
Taxonomic status of Baltic Common Guillemots
Sven Nilsson (1835) was first in proposing that the Baltic Common Guillemot population is separated from the rest of the North Atlantic population. Later it was given subspecies status as U. a. intermedia, an intermediate between the paler southern albionis and the darker nominate subspecies aalge (Salomonsen (1944) . Also, two other subspecies have been distinguished, namely spiloptera in the Faeroe Islands and hyperborea in the northern Northeast Atlantic (Salomonsen 1932) . This view has persisted in the literature (Storer 1952 , Tuck 1960 , Vaurie 1965 , Dementiev & Gladkov 1968 , Harrison 1983 , Brown 1985 , Freethy 1987 , Howard & Moore 1991 , Morris-Pocock et al. 2008 ), but has also been called into question (e.g. Glutz von Blotzheim & Bauer 1982 , Nettleship 1996 and a lumping of the subspecies intermedia, spiloptera and aalge in a single subspecies aalge has been proposed (Bédard 1985) . Sequence analysis of mitochondrial DNA and multiple nuclear loci (microsatellite DNA) supports amalgamation of the Northeast Atlantic population (Moum & Ár-nason 2001 , Riffaut et al. 2005 , Morris-Pocock et al. 2008 .
Baltic population studied
In the early 1970s, the total breeding population of the Common Guillemot in the Baltic Sea was estimated at about 8,800 pairs (Hedgren 1975) , with the largest colony (c. 6,400 pairs) found at the island of Stora Karlsö (Fig. 1) . Four other colonies of c. 1,000 pairs or more are now found in the Baltic Sea, i.e. on the islands of Lilla Karlsö, Källskären, Graesholmen and Bonden, respectively (SOF 2003 , Hjernquist et al. 2005 , Lyngs 2005 ). The total breeding population in the Baltic Sea has been estimated at 12,000-17,000 pairs (Österblom et al. 2002) . The expansion of the Common Guillemot in the Baltic is to a large extent a result of emigration from the colony at Stora Karlsö. The colony at Stora Karlsö appears to be the major centre of emigration but there is also a substantial interchange between other colonies within the sea area (Hario 1982 , Lyngs 1993 , Fransson et al. 2008 , Staav 2009 ).
Collection of birds
When comparing small morphological differences in wing and bill of birds, measurements can be made on dried museum skins, but these have the disadvantage that due to post-mortem shrinkage they cannot be directly compared with measurements on live or recently dead individuals (e.g. Harris 1980 , Ewins 1985 . Comparisons to museum skins can still be made with a correction factor for shrinkage, but corrections are specific for each species and shrinkage may vary due to differences in preparation of specimens (Ewins 1985 , Winker 1993 ). Data measured on live or freshly dead birds -as reported in the present study -are therefore to be preferred when comparing records from different populations.
In the present study, birds incidentally drowned in salmon gill nets were collected by fishermen at the island of Öland, Sweden (Fig. 1) The birds were kept chilled and sent to the National Veterinary Institute, at Uppsala, Sweden, where they were dissected and sexed by gonad inspection. External examination was carried out either on fresh birds, or after 3-5 months of freezing.
Biometric examination
The examination followed the proposal of Jones et al. (1982;  see also review by Camphuysen 1995) , but included some additional measurements (Table 1) . Complete measurements were not made on all birds, as some were damaged when disentangled from the gill net. To avoid inter-measurement variability, a single person (MP) carried out all measurements, as recommended by Barrett et al. (1989) . Throughout, the central values of mean refer to arithmetic mean (AM) ± one standard deviation (SD). We used JMP ® statistical software (version 3, SAS Institute Inc., Cary, North Carolina, USA). For details of the statistical tests used, see Zar (2009) . Wing length Maximum flattened cord, from the carpal joint to the tip of the longest primary 1 (Jones et al. 1982) Bill length, culmen Straight distance between culmen tip and the proximal edge of the horny sheet 0.1 of upper mandible (Jones et al. 1982) Bill length to nostril Straight distance between culmen tip and the distal edge of external naris 0.1 (Gaston 1984) Head + bill length Length from the tip of the bill to the back of the head (Coulson et al. 1983 ) 1 Bill depth Depth at the gonys perpendicular to the cutting edge (Jones et al. 1982) 0.1 Supraorbital ridge Width across the supraorbital ridge (Gaston 1984) 0.1 Total tarsus and foot length Distance from the "knee" of the flattened tarsometatarsus to the base of the nail of the 1 middle toe of the flattened foot (Fox et al. 1981) Cloacal bursa (bursa Fabricii)
Absence or length and width of cloacal bursa (Jones et al. 1982 Presence or absence of a bridle mark, i.e. white eye-ring and stripe (Jones et al. 1982 ) -Subcutaneous fat Amount of visible fat under the abdominal skin ranked from 0 (no fat) to 3 (thick fat) - (Jones et al. 1982) 
Ageing
Birds were classified (Appendix 1) as follows:
• Adult, c. 5 calendar years of age or more. Absence of cloacal bursa (bursa Fabricii) and absence of white tips on the greater underwing coverts.
• Immature, 2-c. 4 calendar years of age. Presence of cloacal bursa, but absence of white tips on the greater underwing coverts.
• Juvenile, first calendar year. Presence of cloacal bursa and white tips on the greater underwing coverts. Both wings were lacking on 14 birds with a cloacal bursa, and these were aged using the width of the supraorbital ridge (Gaston 1984) . In the initial stage of classification, the supraorbital ridge of whole juvenile birds was estimated at 8.8 ± 0.7 mm (maximum 10.2 mm), and of the immature group to 11.3 ± 0.6 mm (minimum 10.3 mm). From these reference records, specimens without wings, but with a supraorbital ridge of 9.2 mm or less, were counted as juveniles (n = 10), and those with a supraorbital ridge of 11.1 mm or more as immature birds (n = 3). One Common Guillemot (a male), with a supraorbital ridge of 10.2 mm was classified as immature, since its length of head and bill were in the upper range of this age group.
To validate ageing records one wing was collected from 57 birds. The wings were checked for moult in the upper greater wing coverts, after being dried in the air at ambient/room temperature. The presence of unmoulted greater wing coverts was compared with the presence of white tips on the greater underwing coverts, as both are found to be an almost infallible character of juvenile birds (Kuschert et al. 1981) . With the exception of three birds, the two criteria agreed perfectly (Appendix 2). Among the three birds showing deviating patterns, one was a juvenile (with a bursa and a supraorbital ridge of 10.0 mm) lacking unmoulted greater wing coverts. The other two were adults (absence of bursa and supraorbital ridge 11.9 and 13.4, respectively) showing white tips on the greater underwing coverts.
Ringing data for recovered birds were received from the Bird Ringing Centre at the Swedish Museum of Natural History, Stockholm. Nine individuals classified as adults were ringed as fledglings of the Stora Karlsö colony. Among these, one was in its 5th calendar year, seven in their 11th to 14th year, and one in its 20th year, all well in line with the age classification. 
RESULTS

Demography
Age distributions were not different in the three years studied (Chi-square test; χ 2 = 7.93, df = 4, P = 0.094) (Appendix 1). Most were adults (74.5%), followed by juveniles (17.4%) and immature birds (8.1%). Females dominated among the adults, males among the juveniles. The overall sex ratio did not differ from parity 1:1 (χ 2 = 0.812, df = 1, P = 0.368).
Biometric measurements
An overlap between age and/or sex groups was recorded for all measured parameters (Table 2 ). Significant differences were found in wing length, bill depth and supraorbital ridge between age groups, but not between sexes (Table 3) . Bill length at culmen and nostrils, as well as tarsus plus foot length were significantly different between sex, but not between age classes. Only head plus bill length was significantly different between both age and sex groups. Pooled wing lengths for all adult females and males averaged 207.5 mm (SD = 4.3, range 197-215, n = 78). Birds originating from the colony at Stora Karlsö (57.3°N) are expected to have a wing length of approximately 203 mm (Jones 1988 , Barrett et al. 2008 . Hence, our average wing length is significantly longer than predicted (one-sample t-test; t = 9.30, P < 0.001).
The wing lengths of our birds are also significantly longer (t = 8.06, P < 0.001) than those measured in June in the colony at Graesholmen (201 ± 4.4, range 192-210, n = 46, Lyngs 1992) . This difference might be the result of inter-measurer variability (Barrett et al. 1989) , and/or a consequence of difference in undergone feather abrasion.
The pooled bill depth for adult females and males averaged 13.4 mm (SD = 0.7, range 11.7-14.8, n = 108), which is less than reported from the Graesholmen colony (14.1 ± 0.6, range 13.0-15.8, n = 46; Lyngs 1992). This difference is statistically significant (t = 6.30, P < 0.001), and fits with the shed of bill plates reported in the Common Guillemot before and after breeding (Grandjean 1972) . A similar decrease (0.7 mm) in June to November was found in Northwest Scotland ).
Plumage and fat status
Most birds (68%) were in winter (basic) plumage. All birds in summer (nuptial) plumage were adults. Among birds in intermediate (prenuptial) plumage, one was a juvenile in winter plumage with some facial streaks of black, all others were adults. In adult birds, the proportion in summer plumage increased during autumn (Fig. 2) . In the first ten days of November all adult birds were in winter plumage. By the end of the month only 27% were in winter plumage, and the rest had either started the prenuptial moult or attained summer plumage. The proportion of the bridled morph found in the present study (2.7%, n = 147) was neither significantly different (χ 2 with Yates correction) from earlier reports for the two Karlsö islands (3.8%, n = 425; Birkhead 1984), nor the colony at Graesholmen (6.5%, n = 46; Lyngs 1992).
The subcutaneous fat status showed that most birds were in good condition (Table 4) . A fat score of 2 or 3 was recorded for about 75% of the birds, while only two birds (1.3%) totally lacked subcutaneous fat reserves (fat score 0). This is a much higher fat status than reported from a wreck in the North Sea, where 69% of the Common Guillemots had a fat score of zero (Jones et al. 1984) . Among our adults, females carried significantly more subcutaneous fat than males (χ 2 = 9.40, df = 3, P = 0.024), but no difference was found between the age groups (χ 2 = 9.17, df = 6, P = 0.164).
DISCUSSION
Findings reported above demonstrate the usefulness of biometric data from drowned Common Guillemots to determine demography, age specific mortality rate, moult pattern and nutritional status. Strong evidence on taxonomic status and geographic origin is obtained when these data are combined with ringing recoveries and genetic analysis. This is information concerned, for instance, in reliable conservation management and marine environmental monitoring.
Flight feathers and moult
The wing length of adult Common Guillemots found in our study deviates from a previously reported European latitudinal cline. However, the wing length is not a fully distinctive character, since Baltic birds overlap considerably with Common Guillemots reported from the Northeast Atlantic gradient (Cadiou et al. 2004 , Barrett et al. 2008 . This is similar to the Razorbill Alca torda in the Norwegian-Barents seas gradient, where wing length likewise overlaps considerably in the subspecies of torda, islandica and pica, and often makes it virtually impossible to assign an individual bird to a geographical origin with certainty (Barrett et al. 1997) .
Guillemots moult their flight feathers in late summer to early autumn, and wear freshly grown primaries in October-November (Birkhead & Taylor 1977 , Bédard 1985 , Harris & Wanless 1990 ). This coincides with the season in which our specimens were collected, whereas the length of wings in the European cline studies (Jones 1988 , Barrett et al. 2008 ; the latter included samples of dried museum specimens) and at Graesholmen (Lyngs 1992) were measured on birds in colonies during the breeding season. This is just before moulting, when primaries are worn, and might be shorter than when freshly moulted. Longest primaries in Common Guillemots are frequently abraded, losing several millimetres in length by end of chick-rearing period (Ainley et al. 2002) .
Our observation that moulting of flight feathers could influence wing length warrants further studies of the Common Guillemot to clarify whether this character can be used as a reliable criterion of geographical origin throughout the year. This is particularly important as wrecks and oiling incidents often occur in the winter. If wing measurements are compared between autumn-winter and spring-summer, inferences of the birds' origin will be uncertain.
Age distribution
Based on ringing data, first-year Common Guillemots killed in fishing nets have previously been reported in higher numbers than other age groups (Peterz & Oldén 1987 , Heubeck et al. 1991 , Lyngs & Kampp 1996 , Harris & Swann 2002 , Österblom et al. 2002 . Likewise, young birds are over-represented in biometric examinations of dead birds collected from fishing nets in the Kattegat and the Skagerrak (Oldén et al. 1985 , 1986 , Anker-Nilssen & Lorentsen 1995 , as well as in northern Norway (Strann et al. 1991) and northeast Scotland (Murray et al. 1994) . As a corollary, it has been suggested that adult birds are more skilled at avoiding nets (Oldén et al. 1986 , Strann et al. 1991 , Murray et al. 1994 , Österblom et al. 2002 . The present study contrasts with this notion, since 74% of our drowned birds were adults, whereas less than 10% were adults in the studies mentioned above, with up to 70% first-year birds. A similarly high proportion of Age  Sex  Fat score  Total  0  1  2  3   Adult  Female  11  28  26  65  Male  1  16  22  7  46  Immature Female  1  2  4  7  Male  3  1  1  5  Juvenile  Female  2  1  5  8  Male  1  3  5  9  18   Total  2  36  59  52  149   Table 4 . Subcutaneous fat score of Common Guillemots drowned in salmon gill nets in the Baltic proper 1987-89.
adult birds (63%) entangled in gill nets is reported from Washington State, USA (Thompson et al. 1998b) . The breeding success of Common Guillemots at Stora Karlsö has been estimated to be 0.80 fledged chicks/ pair (Hedgren 1980) , and the survival rate for the Baltic Guillemots (mostly ringed at Stora Karlsö) is 0.65 for immature birds, and 0.89 for adults (Olsson et al. 2000) . So far, no estimate has been provided on survival rate in first-year birds, but a survival rate estimate of 0.56 is reported from a Scottish colony (Harris et al. 2007 ). Based on these estimated age-specific survival rates, and assuming a constant mortality rate during the year, we calculated (see example by Pianka 2000) that approximately 54% adults, 27% immature and 19% juveniles are expected in October-November among Common Guillemots in the Baltic Sea. This age structure differs significantly (χ 2 = 21.7, df = 2, P < 0.0001) from what we have recorded in birds drowned by fishing nets (Appendix 1).
Ringing recoveries have shown that juvenile and immature birds disperse farther away from their natal colony than adults (Harris & Swann 2002) . In the Baltic, most juveniles are reported recovered in the very south or southwest and the adults largely around the island of Gotland during winter months (Olsson et al. 1999 , Fransson et al. 2008 . Also, adult birds may start to return to their breeding colony from October, and onwards (Halley et al. 1995) . As the birds examined are collected off Öland, not far from their presumed natal colony at the Karlsö islands, this may easily explain the deviation from the expected age distribution. Hence, the age distribution found in bycatch studies probably reflects the true at-sea distribution in the fishing area rather than age-specific differences related to fishing net vulnerability. Therefore, the notion that adults are better at avoiding fish nets than young birds may be questioned.
Ringing recoveries
Earlier ringing recoveries have shown that the Baltic Guillemot is fairly resident, and that most birds remain in this sea area throughout the year (Fransson et al. 2008) . All our recovered birds were ringed at Stora Karlsö, and the proportion of bridled morphs was likewise in agreement. Hence, it appears safe to state that our biometric data represent the Baltic Sea population, and probably breeders from the Karlsö islands in particular.
Although the Common Guillemot is highly philopatric, there are examples of emigration to non-natal sea areas. Since 1993, three British Guillemots were captured in colonies of the Baltic Sea. A Scottish (Isle of May) bird in its fourth calendar year was observed in the colony at Graesholmen (Mead et al. 1995) , and another, ringed at Fair Isle, Shetland, was found breeding at the island of Bonden (Staav 1997) , i.e. the northernmost colony in the Baltic Sea (Fig. 1) . The third bird ringed as chick at Sule skerry, Orkney, was captured in the colony at Grän (Fig. 1) in 1999, and once again nine years later (Staav 2009 ). Also, there is one bird ringed as a chick in the Baltic (Stora Karlsö) that has been found breeding in a Northeast Atlantic colony, namely at Skomer Island, Wales (Staav 1997) .
Before 1980, only a few Common Guillemots ringed in the North Sea area were recovered in the Baltic Sea. Since then, more than 20 birds from northeast British colonies have been recovered in the Baltic and a few from Helgoland (Staav 1997 , Lyngs & Kampp 1996 , Harris & Swann 2002 . The Baltic records coincide with a large general increase in Common Guillemots wintering in the Kattegat, where ringing recoveries of birds entangled in fishing gear suggested an origin mainly from Scottish colonies and Helgoland (Peterz & Oldén 1987 ).
Conclusions
Our phenotypic records in combination with previous genetic studies provide strong evidence in favour of the Baltic Common Guillemot population being a marginal deme of the North Atlantic population, rather than a distinct subspecies. Ringing recoveries (referred above) suggest intermittent exchanges of birds between the two areas, and the reality of these interchanges has been supported by genetic analysis (Riffaut et al. 2005) . Our biometric measurements (Table 2 ) are in full agreement with this view.
The common notion (e.g. Österblom et al. 2002 ) that Baltic Common Guillemots bycaught in gill nets are over-represented by young individuals may well be questioned. Our recorded age distribution with a heavy dominance of adult birds, but few immature/juveniles (Appendix 1), deviates from that reported earlier. It implies that the Baltic population of the Common Guillemot is more vulnerable to adult mortality through bycatch in gill nets than previously suggested (cf. Österblom et al. 2002) . 
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